Mixed convection of unsteady non-coaxial rotation flow of viscous fluid over an accelerated vertical disk is investigated. The motion in the fluid is induced due to the rotating and buoyancy force effects. The problem is formulated and extended in terms of coupled partial differential equations with some physical boundary and initial conditions. The non-dimensional equations of the problem are obtained by using the suitable non-dimensional variables. The exact solutions of non-coaxial velocity and temperature profiles are obtained by using Laplace transform method which are satisfying all the initial and boundary conditions. The physical significance of the mathematical results is shown in various plots and is discussed for Grashof and Prandtl numbers as well as magnetic, porosity and accelerated parameters. It is found that, the velocity with the effect of acceleration is higher compared to constant velocity. In limiting sense, the present solutions are found identical with published results.
Introduction
An exact solution of the flow between two disks which are rotating with the same angular velocity has been presented by Berker [1] . Since, the study of this type of flow, especially the viscous flow due to non-coaxially rotations of a disk and a fluid at infinity, has gained consistent attentions of numerous researchers. This is because a single solution is obtained for the case of a single disk [2] . The exact solutions are very important for validating the accuracies of results obtained by numerical or empirical methods. Besides, the disk flows have wide applications in industrial and technological fields such as rotating machinery, viscometry, spin-coating and manufacturing and use of computer disks. Erdogan [3] obtained an exact solution of the steady three-dimensional Navier-Stokes equations for the flow due to non-coaxially rotations of a porous disk and a fluid at infinity. Further, Erdogan [2] investigated the initial condition which contribute to the flow to be two dimensional. Since, the assumed condition as the disk and the fluid at infinity are impulsively started from rest makes the flow becomes three-dimensional. Erdogan [4] obtained an exact solution of the unsteady Navier-Stokes equations for the flow between eccentric rotating disks with the same angular velocity about noncoincident axis and one of the disk oscillating in its plane. Ersoy [5] studied the unsteady flow of a Newtonian fluid due to rotation of a disk about a common axis and the fluid at infinity about non-coincident axes, which are initially rotating with the same angular velocity. Recently, a periodic flow due to oscillations of eccentric rotating porous disks which are initially rotating at the same speed about distinct axes is studied by Ersoy [6] . Then, Ersoy [7] extended the study by considering the effect of the porous disk on the fluid flow.
The effects of magnetic field on hydormagnetic disk flow due to rotation of the disk have many significant practical applications in metallurgical industry, induction pumps in nuclear reactor, energy storage and electrical power generation. Further, the magnetic parameter has a great contribution in flow of liquid metals and alloys, flow of plasma, flow of mercury amalgams, flow of blood and lubrication with heavy oils and greases. Hayat et. al. [8] considered the effect of the porosity and the uniform transverse magnetic field on the flow due to non-coaxial rotations of a porous disk and a fluid at infinity. The velocity distribution in both suction and blowing cases were discussed in the study. The unsteady Magnetohydrodynamic (MHD) flow due to non-coaxial rotations of an oscillating porous disk and a fluid at infinity about non coincident axis is investigated by Hayat et.al. [9] . Further, Hayat et. al. [10] extended the work by considering an arbitrary periodic oscillation on the disk which represented by the Fourier series. Asghar et.al. [11] discussed the influence of the slip parameter on unsteady MHD flow due to non-coaxial rotations of disk and a fluid at infinity. Instead, Guria and Jana [12] investigated the unsteady MHD flow due to non-coaxial rotations of a porous disk and a fluid at infinity by considering the Hall current effect. The unsteady MHD flow of a viscous fluid between two eccentric parallel disks with uniform angular velocity about non coincident axis has been studied by Maji et. al. [13] . Guria et. al. [14] discussed the combined effect of Hall currents and the slip condition on the unsteady MHD viscous flow due to noncoaxial rotations of a porous disk and a fluid at infinity. Further, Ahmad [15] studied the MHD flow, which induced by a noncoaxial rotation of porous disk and a fluid at infinity, by including the effect of porous medium and slip condition. Recently, an oscillatory flow due to non-coaxial rotations of an oscillating porous disk and a fluid at infinity has been studied by Das et.al. [16] . Further, the work has extended by Das and Jana [17] by considering the effects of Hall current on the unsteady flow of a viscous incompressible electrically conducting fluid due to an eccentric-concentric rotation of a disk and the fluid at infinity.
However, among the studies shown above the effect of the heat and mass transfer on the flow which are induced by the non-coaxial rotation of a disk and a fluid at infinity is not emphasized. Recently, Mohamad et. al. [18] studied the unsteady free convection flow of viscous fluid due to noncoaxial rotation oscillating vertical plate with a constant wall temperature and a fluid at infinity. They found that the physical property of the fluid such as velocity, temperature and skin friction are affected by the temperature gradient. Then, Mohamad et. al. [19] extended the study by including the mass transfer in the fluid flow. The combined effects of heat and mass transfer on a viscous fluid flow due to non-coaxial rotation of an oscillating infinite vertical disk and a fluid at infinity are considered. They concluded that the concentration gradient has a significant effect on the fluid flow. The MHD non-coaxial rotation viscous fluid with mixed convection over vertically oscillating disk embedded in a porous medium has been studied by Mohamad et. al. [20] . The aim of this communication is to discuss the MHD mixed convection flow of an electrically conducting fluid due to an accelerated non-coaxial rotation through a porous medium and a fluid at infinity. Laplace transform method is applied to determine the exact solutions for velocity and temperature. They are expressed in terms of exponential and complementary functions. Then, the effects of the accelerated, magnetic, porosity and heat transfer on the fluid flow are analyzed.
Mathematical Formulation and Solution
Let us consider a Cartesian coordinate system with z-axis normal to a rigid disk and x-axis is taken in upward direction along the disk. The axes of rotation for both the plate and fluid are assumed to be in plane x = 0. A uniform transverse magnetic field of strength 0 B is applied parallel to the axis of rotation and perpendicular to the disk that pass through a porous medium. It is assumed that induced magnetic field, the external electric field and the electric field due to polarization of charges are negligible. Initially, at t = 0, the disk and fluid at infinity are rotating about z'-axis with the same angular velocity Ω with temperature T ∞ . After time 0 t > , the disk suddenly starts to accelerate and rotate about z-axis with uniform angular velocity, while the fluid at infinity continues to rotate about z'-axis with the same angular velocity as that of the disk. The temperature of the disk raises to w T ,
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respectively. The distance between the two axes of rotation is equal to  . Under the above assumptions, we seek solutions for velocity and temperature distributions of the rotation fluid by using the proposed governing momentum and energy equations as below 2 2 ( ),
together with initial and boundary conditions
Here F f ig = + the complex velocity function, f is the primary velocity (real part), g is the secondary velocity (imaginary part), υ is the kinematic viscosity, g is the gravity, T β is the volumetric coefficient of thermal expansion for temperature, T is the temperature function, ρ is the density of the rotation fluid, Cp is the specific heat capacity, k is the thermal conductivity, A is the acceleration of the disk and fluid, σ is an electrical conductivity and k1 is the permeability of the porous medium. In order to simply the governing equations with initial and boundary conditions, we introduced non-dimensional variables as * * * * 1, , , ,
to obtain the non-dimensional equations. Then, substitute the non-dimensional variables 5 into Eq. 1 until Eq. 4, obtained (dropping out the * notation):
with initial and boundary conditions and we obtained the fluid parameters as ( )
In order to reduce the Partial Differential Equation (PDE) into Ordinary Differential Equation (ODE), apply Laplace transform technique subjected to initial conditions into Eq. 6 until Eq. 9 and written as 2
After that, using the characteristics equation technique for Eq. 11 and Eq. 12 subjected to the boundary conditions 13 and 14, the inverse Laplace transform of these equations are obtained as ( , ) ( , ) ( , ) ( , ) ( , ) ( , ) ( , ),
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Results and Discussion
In order to understand the behaviors of parameters A (acceleration), M (magnetic), K (porosity), Gr (Grashof number) and Pr (Prandtl number) on primary and secondary velocities (Eq. 15) as well as temperature (Eq. 16) profiles, the graphs are plotted and displayed in Fig. (2) - (7) . In limiting sense, the present solutions are found identical with published results in Fig. 1 , hence verifying the validity of the obtainable solution.
The effect of A is investigated in Fig. 2 . It shown that, the velocity is increased when the value of A is increased. This is because, the acceleration effect on the movement of the disk will accelerate and enhance the movement of rotation fluid flow. Fig. 3 displayed the physical behavior of M on both velocity profiles where the velocity is decreased when the value of M increased. This is due to the direction of magnetic field is perpendicular to the direction of rotation fluid which against each other and reduce the movement of fluid flow. Besides that, it will increase the friction between particles of fluid and magnetic field. As we can see, the behavior of velocity on the parameter K effect is parallel to each other in Fig. 4 . Increase in value of porosity K will decrease the drag force and it will increase the velocity profiles.
The effects of Gr and Pr are plotted in Fig. 5 and Fig. 6 in order to investigate the influence of heat transfer phenomena. The velocity profiles are increased when the value of Gr is increased. This is because the effect of buoyancy force in free convection process is larger and it will fasten the movement of fluid particle to transfer heat energy from hot to cold area. But, it is opposite result that can be observed for parameter Pr where increase in Pr will increase the viscous force and it will retard the movement of velocity profiles. Other than that, this phenomenon also will reduce the thermal diffusivity of heat transfer in rotating fluid flow. The same behavior of Pr also can be seen in temperature profiles in Fig. 7 . 
